This retrospective study was conducted to evaluate the efficacy and safety of elective nodal irradiation (ENI) and involved-field irradiation (IFI) for esophageal squamous cell carcinoma (ESCC) patients treated with intensity-modulated radiotherapy (IMRT).
Introduction
Despite the best available therapeutic regimen, esophageal squamous cell carcinoma (ESCC) patients have a dismal prognosis due to high rates of locoregional recurrence (LRR) and distant metastasis, with a 5-year survival rate of approximate 18%. [1] Radiotherapy (RT) plays an important role for patients with inoperable esophageal cancer. However, ESCC has an extensive and longitudinal interconnecting system of lymphatics in the esophageal wall. [2] As a result, an extended radiation portal design is generally used as the initial irradiation field for esophageal cancer. However, to date, no consensus has been established regarding the extent of the radiation field, especially for elective lymph node (LN) areas, on the outcome by definitive RT or chemoradiation. Clinical practice for determining the clinical target volume (CTV), especially the LN volume, varies. ESCC is prone to spread axially to regional lymphatics and has a high incidence of occult regional LN metastasis. Elective nodal irradiation (ENI) includes the areas at risk for microscopic disease and elective nodal regions, while involved-field irradiation (IFI) includes only the metastatic nodes. Theoretically, it would seem logical to deliver a certain dose to the noninvolved regional LN area at risk for microscopic disease, but the large radiation volume can increase side effects of RT. ENI still encounters criticism from critics suspicious of its survival benefit. A smaller range of CTV, on the other hand, may increase the risk of nodal failure in nonirradiated nodal stations.
To deliver tailored treatment for an optimal outcome, we need to improve the reliability of pretherapeutic staging for RT target delineation. However, currently, there is still lack of direct evidence from high-quality randomized clinical trials. In this retrospective study, we investigated the effect of ENI and IFI on the overall survival (OS) of ESCC patients at our institution and further delineated the prognostic predictors of ESCC outcomes by multivariate analysis.
Methods

Patients
We retrospectively analyzed the clinical data of eligible patients with pathologically proven ESCC who underwent ENI or IFI between January 2006 and December 2012 at our institution. A patient was included in the study if he or she had stage I to Iva ESCC (AJCC 2010); if he or she was suitable for definitive RT with or without chemotherapy; if he or she received intensitymodulated radiotherapy (IMRT) and refused surgery. Patients with incomplete clinicopathologic data were excluded. The study protocol was approved by the local ethics committee at the authors' affiliated institution. Patient consent was not required because of the retrospective nature of the study and patient data were anonymized.
Treatment
In the IFI arm, the gross tumor volume (GTV) was visualized on computed tomography (CT) and X-ray and/or endoscopic extension. All LNs with a diameter of at least 1 cm in the short axis in CT or that were positive by 18 fluorodeoxyglucose positron emission tomography were defined as GTV-LNs. The CTV was generated by using 0.5 to 0.8 cm radial margin and 2 to 3 cm longitudinal margins to the GTV-primary, and CTV-LNs by using 0.5 cm margin for the GTV-LNs. The planning target volume (PTV) was generated by applying a 5 to 10 mm margin to the CTV, and PTV-LNs by using 0.5 to 0.8 cm margin for CTVLNs. In the ENI arm, patients received irradiation in the same PTV/PTV-LNs as in the IFI field above. The ENI field (CTV1) was generated as follows: for the supraclavicular area, treatment of higher echelon cervical nodes was considered. For the proximal third of the esophagus, the paraesophageal LNs and the supraclavicular area were treated. For middle lesions, the paraesophageal LNs were treated. For the distal and the gastroesophageal junction, the lesser curvature, celiac axis, and paraesophageal LNs were treated. PTV1 was created by adding margins of 0.5 to 1.0 cm to CTV1 Patients in the IFI arm were treated with 56 to 66 Gy in 95% PTV/PTV-LNs delivered over 5 to 7 weeks at 1.8 to 2 Gy per fraction. In the ENI arm, patients received the same irradiation dose in 95% PTV/PTVLNs as in the IFI field above, and 50 to 54 Gy (1.8-2.0 Gy per fraction) delivered in 95% PTV1 over 5 to 7 weeks. The radiation dose was 45 Gy for the spinal cord. The mean lung dose had to be 20 Gy, and V20 (the lung volume rate receiving over 20 Gy) 30% and V30 20%. The mean heart dose was 40 Gy, V30 40%, and V40 30%. Six-megavoltage photons were used to deliver radiation by linear accelerators. Chemotherapy was often administered in combination with 5-fluorouracil and taxane, or with platinum-based compounds.
Follow-up and toxicity criteria
Patients were followed up via physical examination, chest and abdominal CT, gastroenteral endoscopy, and barium esophagography at 3-month intervals for the first 2 years and every 6 months thereafter. The date of the last follow-up was December 31, 2016. Treatment-related toxicity was evaluated according to the National Cancer Institute Common Toxicity Criteria (version 5.0).
Statistical methods
Categorical and continuous variables were compared with the chi-squared test and Student t test, respectively. The median follow-up was computed using the reverse Kaplan-Meier method. Patients were considered to be experiencing local failure only if histologic or cytologic evidence was observed in the primary tumor. LN metastases were diagnosed based on the appearance of new nodes in regions where no enlarged nodes had been identified before irradiation. Suspected supraclavicular node recurrences were confirmed by fine-needle aspiration biopsy. OS was the primary endpoint, and calculated from the date of ESCC diagnosis until death or the last follow-up on December 31, 2016. The secondary outcomes were progression-free survival (PFS) and toxicities. PFS was defined as the duration until localregional recurrence or distant progression, last follow-up or death. Local-regional failure-free survival (LRFFS) was defined as the duration until any recurrence at the initial primary site of disease or in regional LNs, last follow-up or death. Distant metastasis-free survival (DMFS) was defined as the duration until any disease recurrence in a different organ or any failure outside the chest, last follow-up or death. Survival curves were plotted using the Kaplan-Meier method and compared with the log-rank test. Multivariate survival analyses were done using the Cox proportional hazards regression model. To avoid collinearity in the regression models, associations between covariates were assessed using the Wilcoxon rank-sum test. To minimize the potential selection bias, propensity score matching (PSM) analyses were generated using binary logistic regression. Independent variables were entered into the propensity model, including sex, age, tumor location, N stage, tumor length, tumor volume, and RT dose. One-to-two matching between the arms was accomplished using the nearest-neighbor matching method. Standardized difference (SDif) was used to accessed covariate balance. Matched data were analyzed using the Student t test or the Wilcoxon rank-sum test for continuous variables and the chisquared test for categorical variables. Propensity scores were estimated using logistic regression. All statistical computations were done using SPSS19.0 (SPSS Inc, Chicago, IL) and R 2.10.1. A 2-sided P value < .05 or SDif ≥ 10% was statistically significant.
Results
Demographic and baseline variables and treatment characteristics of the study population
The study flowchart is shown in Fig. 1 . During the study period, 719 patients with pathologically proven stage I to Iva ESCC underwent ENI or IFI at our institution. Sixty-five were excluded because of incomplete clinicopathologic data and 10 were not included due to discontinued RT. Finally, 644 patients were eligible for inclusion in this retrospective analysis, including 157 patients in the ENI arm and 487 patients in the IFI arm. After PSM, 471 (ENI = 157, IFI = 314) well-balanced pairs of patients were available for outcome comparison (Fig. 2) . Their demographic and baseline variables and treatment characteristics are shown in Table 1 .
OS
The patients were followed up for a median duration of 92.9 (95% confidence interval [CI], 88.3-97.6) in the ENI arm and for the IFI arm (P = .020) (Fig. 3A) . Furthermore, our univariate analysis showed that, after PSM, female gender, T1 + 2, N0, stage I/II, tumor length 7 cm, tumor volume 50 cm 3 , chemotherapy, and ENI were associated with significantly better 5-year OS. Multivariable analysis further revealed that female gender, T1 + 2 stage, N0 stage, stage I/II, ≥4 cycles of chemotherapy, and ENI were significant determinants of more favorable 5-year OS (Table 2 ).
PFS
The 1-, 3-, and 5-year PFS were 61.8%, 30.6%, and 19.1% for the ENI arm versus 54.8%, 23.4%, and 13.7% for the IFI arm (P = .010). After PSM, the 1-, 3-, and 5-year PFS was 61.8%, 30.6%, and 19.1% for the ENI arm versus 56.7%, 25.5%, and 15.9% for the IFI arm (P = .075) (Fig. 3B) . Furthermore, the ENI arm had a significantly better 5-year LRFFS than the IFI arm (ENI: 22.9% vs IFI: 16.5%) (P = .012) (Fig. 3C ). However, no difference was observed in DMFS between the ENI and IFI arm (ENI: 19.9% vs IFI: 17.5%) (P = .098) (Fig. 3D) .
Moreover, univariate analysis showed that, after PSM, female gender, T1 + 2, N0, stage I/II, tumor length 7 cm, tumor volume > 50 cm 3 , and chemotherapy were associated with significantly better 5-year PFS. Multivariable analysis further demonstrated that female gender, T1 + 2 stage, N0 stage, stage I/ II, and ≥4 cycles of chemotherapy were significantly determinants of more favorable 5-year PFS (Table 3) . Multivariate survival analyses using the Cox proportional hazards regression model Table 1 Demographic and baseline variables and treatment characteristics of the study population. FDG-PET = 18 fluorodeoxyglucose positron emission tomography, ENI = elective nodal irradiation, IFI = involved-field irradiation, PSM = propensity score matching, SDif = standardized difference, TNM stage = tumor, node, metastasis stage.
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showed that female gender, T1 + 2, N0, stage I/II, and ≥4 cycles of chemotherapy were significant predictors of longer LRFFS and DMFS (Table 3) . ENI was also a significant prognostic factor for improved LRFFS.
Toxicities
Grade 3 and 4 acute radiation esophagitis was reported in 3.8% and 0.6% patients in the ENI arm and 4.1% and 0.3% in the IFI arm (Table 4) . However, there were no differences in grade ≥ 3 of acute radiation esophagitis (ENI 4.5% vs IFI 4.5%, P = 1.000). Grade ≥ 3 acute radiation pneumonitis was seen 2.5% of patients in the ENI arm and 2.9% in the IFI arm (P = .1000). Meanwhile, grade ≥ 3 acute hematological adverse events occurred in 7.0% patients in the ENI arm and 5.1% in the IFI arm (P = .400). In late toxicities, grade ≥ 3 RT-related toxicities including esophageal stricture, fistula, pulmonary toxicity, and hemorrhage were observed in 14.6% in the ENI arm and 16.6% in the IFI arm (P = .593). No other radiation-related toxicity was recorded for the liver and the heart.
Subgroup analyses after PSM
To identify patients who would benefit from ENI, we carried out a subgroup analysis of OS. We found that patients with stage I/II ESCC or LN positivity in the ENI arm had significantly better 5-year OS than their counterparts in the IFI arm (Table 5) . Furthermore, patients with T1 + 2, N0, or stage I/II in the ENI arm had better 5-year PFS than their counterparts in the IFI arm. After PSM, for only 303 patients treated with RT alone, the 1-, 3-, and 5-year OS rates were 78.8%, 40.4%, and 25.3% in the ENI arm, and 73.0%, 32.8%, and 20.0% in the IFI arm (P = .123) (Fig. 4A) , respectively. In addition, for only 168 patients treated with chemoradiotherapy (CRT) after PSM, the 1-, 3-, and 5-year OS were 82.8%, 48.3%, and 27.6% in the ENI arm, and 75.5%, 31.8%, and 18.2% in the IFI arm (P = .083) (Fig. 4B) , respectively. Moreover, we found that patients with LN positivity in the ENI arm had significantly better 5-year OS than their counterparts in the IFI arm in the RT group (P = .035), as shown in Table 6 . However, there was no significant difference between the ENI and IFI groups in the subgroup analysis for the patients treated with CRT (Table 6) .
At the time of analysis, there were no significantly statistical differences in recurrence rates between the ENI and IFI arm in the subgroup analysis of the patients treated with RT or CRT. The data are shown in Table 7 .
Discussion
In our retrospective study, 471 propensity-score matched ESCC patients received IMRT in the form of ENI or IFI. The results showed that ENI was superior to IFI in prolonging the median OS (ENI: 26.8 [95% CI: 17.9-35.7] months vs IFI: 21.5 [95% CI: 17.9-25.1] months) and 5-year OS (ENI: 26.1% vs IFI: 19.0%; P = .020) of ESCC patients. Though a significant difference was observed in 5-year PFS between the 2 arms (ENI: 19.1% vs IFI: 13.7%; P = .010); this was not demonstrated in propensity-score matched ESCC patients. Furthermore, we found that the 2 arms were comparable in radiation-associated therapies. These findings demonstrate that ENI offers a safe and more effective therapeutic option versus IFI for ESCC patients.
In a meta-analysis of 757 esophageal cancer patients, Wang et al [3] found no significant difference in OS between patients receiving IFI and ENI. Another meta-analysis [4] found no significant decrease in OS of esophageal cancer patients receiving IFI. Patients in these studies, however, all received chemotherapy. Chemotherapy confers survival benefit on esophageal cancer patients. [5] [6] [7] Consistently, our multivariate analysis demonstrated that ≥4 cycles of chemotherapy were a significant predictor of more favorable 5-year OS and 5-year PFS, suggesting the OS benefit of chemotherapy for ESCC patients. Further, our subgroup analysis for patients treated with RT alone or CRT, showed that there were no significant difference in OS between the ENI and IFI arms, indicating that ENI or IFI had similar effect on survival on ESCC patients whether or not receiving chemotherapy, which was similar with the above studies [3, 4] and Yun-Jie Cheng's meta-analysis. [8] However, for N+ patients treated with RT alone, our subgroup analysis showed that a significantly higher 5-year OS in the ENI arm than the IFI arm, which was not similar with the Yun-Jie Cheng's meta-analysis. [8] The reasons may be as follows: the relatively smaller number of cases in literatures selected for metaanalysis, the inconsistent delineation and radiation dosage and radiation techniques for ENI field among different institutions, and the inconsistent nonsurgical staging method in the metaanalysis. However, our study was an original study with a relatively large number of cases, consistent radiation range, and dosage of ENI field in the single institution, all patients received IMRT, and we concluded that ENI's benefit group was the result of ESCC patients with the positive LN in the RT alone group. However, ENI conferred no survival benefit in N0 patients versus IFI for patients receiving chemotherapy or not. For patients with N0 stage, incidental irradiation may play a role in the control of micrometastases in LNs. In IFI, CTV is generated by using 0.5 to 0.8 cm radial margin and 2 to 3 cm longitudinal margin to the GTV-primary in most studies. As such, the peripheral LNs are included in the radiation field. Ji et al [9] showed that IFI may deliver considerable incidental dose to elective regions for patients with T1-4N0M0, which has significant impact on the control of micrometastasis. That ENI did not confer a survival advantage in our N0 patients versus IFI may also be due to a considerable incidental dose to high-risk elective regions in N0 patients receiving IFI.
Stratifying patients based on risk factors could be useful in identifying patients who derive optimal benefit from ENI. We found that compared to IFI, ENI conferred significant benefit in Table 2 Multivariate analysis of determinants of OS after PSM. CI = confidence interval, DMFS = distant metastasis-free survival, ENI = elective nodal irradiation, HR = hazards ratio, IFI = involved-field irradiation, LRFFS = local-regional failure-free survival, PFS = progressionfree survival, PSM = propensity score matching, RT = radiotherapy, TNM = tumor, node, metastasis. [10] conducted a multi-institutional study of 105 patients with superficial esophageal cancer treated with ENI. LN failure outside the radiation field occurred in 6 patients (6%), whereas LN failure inside the ENI area occurred in only 1 patient (1%). Lee et al [11] assessed the outcomes of extended-field radiation therapy for 23 patients with thoracic superficial esophageal cancer without chemotherapy and found that ENI yielded a 3-year OS of 95.2%. This finding indicates that extended-field RT can be a good option for stage I esophageal cancer patients who are unfit for chemotherapy. In our study, ENI had a trend prolonging OS than IFI for earlier ESCC patients without chemotherapy (P = .061), suggesting the OS benefit of ENI for earlier ESCC patients receiving the RT alone. Moreover, our subgroup analysis further indicated that ENI or IFI patients had similar effect on survival on advanced T3 + 4/III + IV stage ESCC patients receiving chemotherapy or not. Regardless of whether radiation is administered using ENI or IFI, regional LN failure is not the main pattern of recurrence in advanced-stage esophageal cancer patients. [12] [13] [14] Several studies [15] [16] [17] failed to demonstrate any significant difference in local/regional failure and regional lymph failure in patients receiving ENI or IFI. We showed that ENI was associated with a significantly better 5-year OS and LRFFS, and suggested that ENI could decrease LRR in the elective field, thus impacting on OS. Occult recurrence and micrometastases to regional LNs may escape detection by currently available diagnostic methods, even at the time of presentation. [18] ENI may exert a prophylactic effect by suppressing micrometastases to regional LNs, influencing the survival of patients with positive LN treated with RT alone. We speculate that prophylactic radiation by ENI without chemotherapy for ESCC patients with occult recurrence and micrometastases to regional LNs may improve therapeutic outcome, especially for positive LN ESCC patients received RT alone.
OS
RT for esophageal cancer is associated with toxicities. The concurrent use of chemotherapy during RT can result in increased toxicities. Ishikura et al [19] investigated long-term toxicities of definitive CRT using ENI for esophageal cancer and found that 10.3% patients experienced grade 3 or greater pericarditis and 9.0% patients died of cardiopulmonary diseases. In the RTOG 85-01 study, [20] 10% patients treated with CRT experienced life-threatening toxicities, while 2% of patients receiving RT alone experienced acute grade 4 toxicities without fatalities due to toxic effect. This finding suggests that patients receiving concurrent ENI and chemotherapy may experience more severe radiation-induced toxicities. However, the patients in these studies were not treated with intensity-modulated radiation therapy, which is implemented for sparing normal organs and tight PTV planning and provides ENI with conformal planning. [2, 21] Lee et al [11] showed that there was no grade 3 adverse event, and acute and chronic radiation pneumonitis and esophagitis were acceptable for stage I esophageal cancer patients using ENI. Liu et al [16] also indicated that with better protection of normal organs and proper patient selection, no difference was found in the incidence of grade ≥3 treatment-emergent esophageal and lung toxicities of ENI and IFI with the application of intensity-modulated radiation therapy. Our study showed that the extended field radiation therapy with or without chemotherapy for inoperable esophageal cancer patients produced reasonable treatment outcomes without significant toxicities of grade 3 or higher using intensity-modulated radiation therapy. Therefore, the adverse events of extended-field irradiation can be reduced by the use of intensity-modulated radiation therapy. We may improve outcomes of ENI using intensity-modulated radiation therapy without increasing toxicities.
However, our study has inherent limitations. First, patients with stage I/II ESCC in our study were mostly not suitable for surgery or refused to receive surgery. Second, as a retrospective analysis, treatment differed for patients in terms of radiation dose and in techniques used over the span of the study. Third, more Table 4 Radiation toxicities for propensity-score matched patients (N = 471). CRT = chemoradiotherapy, ENI = elective nodal irradiation, IFI = involved-field irradiation, No. = number, PSM = propensity score matching, RT = radiotherapy. CRT = chemoradiotherapy, ENI = elective nodal irradiation, IFI = involved-field irradiation, OS = overall survival, PSM = propensity score matching, RT = radiotherapy, TNM = tumor, node, metastasis.
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advanced techniques for clinical staging of disease have come into service over the span of the study and functional imaging techniques were not available for all patients, which may have led to diagnostic underestimation. Fourth, although PSM was performed to minimize the confounding effect, the effects of unmeasured confounders, which are intrinsic bias of retrospective studies, were inevitable.
Conclusion
In conclusion, using intensity-modulated radiation therapy, ENI is superior to IFI in improving OS of ESCC patients, with acceptable toxicities that were comparable to those to IFI, especially for LN positivity ESCC patients treated with definitive irradiation alone. These results should be confirmed in a large randomized study comparing these 2 modalities.
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